The single versus combinatorial effects of MK-801, CNQX, Nifedipine and AP-3 on primary cultures of cerebellar granule cells in an oxygen-glucose deprivation model.
The excitotoxicity cascade associated with energetic failure during and after cerebral ischemia involves the overactivation of glutamate receptors and intracellular calcium loading. We searched for synergistic neuroprotective effects of various drugs designed to prevent intracellular calcium influx in a model of oxygen-glucose deprivation (OGD) in cerebellar granule cells primary cultures. (5S,10R)-(-)-5-Methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine hydrogen maleate (MK-801), D,L-2-Amino-3-phosphonopropionic acid (AP-3), 6-Cyano-7-nitroquinoxaline-2,3-dione disodium salt (CNQX) and Nifedipine were tested alone or in combinations. Treatments were applied during a two-hour OGD exposure and cellular outcome was assessed throughout 20-hour reoxygenation by the measurement of Propidium Iodide (PI) fluorescence. All treatments were able to prevent neuronal damage. OGD resulted in a mortality of 36.3±2.3% and 61.3±3.1% after 10 and 20 hours of reoxygenation, respectively. The most effective single treatment was AP-3 (3.3±1.4%; 17.9±2.6% mortality after 10 and 20 hours), followed in order by Nifedipine (7.2±1.6%; 20.1±3.0%), CNQX (8.5±2.5%; 20.0±3.5%), and MK-801 (14.9±2.6%; 39.3±6.4%). The combination of AP-3 with MK-801 showed a moderate synergistic effect (11.8±2.0% mortality at 20 hours), while the combinations of CNQX with Nifedipine and CNQX with MK-801, as well as the triple mix CNQX, Nifedipine and MK-801 failed to show a further improvement in the reduction of cellular death. In conclusion, targeting two mechanisms of cellular demise (ionotropic receptors and metabotropic glutamate receptors) provided an advantage against several unimodal strategies (blocking calcium entry through ionotropic glutamate receptors and L-type calcium channels). Our results suggest that a multimodal combinatorial treatment strategy in cerebral ischemia may increase neuroprotective efficacy and call for further research.